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Abstract 
This research is aimed to investigating the possibility of substituting cement with fly ash. Fly ash is a waste product of the coal 
burning process. Previous studies showed that the substitution of 20 % - 40 % in cement weight by fly ash increases the 60 
dayscompressive strength of mortar. Fly ash contributes to the compressive strength because the content of silica oxide reacts 
with the free lime to enhance the cement hydration processwhile on the other handprovides a better density by acting as 
filler.Besideslooking into the increases of fly ash percentage below the 20%, the influence of addition ofactive lime is also 
studied. The content of silica oxide will react with the free lime hydration products of cement and active lime added. In this 
study, applying the nano-technology to modify the size of the fly ash and lime in conducted. The procedure will result in nano-fly 
ash andnano-lime particles. The cement-to-nanofly ash ratio is 1:12.24 and nano lime-to-nano fly ash ratio is 1:1.11. This 
research includes the study of the effect of nano fly ash and lime percentage in the mortar, ranges from 0%, 2.5%, 5%, 7.5%, 
10%, 12.5% to 15% to the control specimen. Cement-to-sand proportion is 1 to 1.70 with water-cement-ratio 0.49. 50 × 50 × 50 
mm specimens are tested to obtain their compression strength at the age of 7 days. 
© 2014 The Authors. Published by Elsevier Ltd. 
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Structures and Construction Materials 2014. 
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1. Introduction 
This research is the development effort to reduce the amount of cement with pozzolanic materials. The use of 
which might be underutilized since research has proven that the material has a positive impact on concrete. It 
increases the compressive strength because content of silicate dioxide (SiO2) and aluminium trioxide (Al2O3) reacts 
with free lime/calcium hydroxide(Ca(OH)2)to enhance the cement hydration process. This reaction is called 
pozzolanic reaction. Pozzolanic reaction will increase the cement hydration products. Fly ash is a pozzolanic 
material. It is a waste product of the coal burning process. Previous studies showed that the substitution of 20 % - 40 
% in cement weightincreases the 60 dayscompressive strength of mortar.Addition of fly ash provides a better 
density of the mortar by acting as a filler material. Several researchers have studied the pozzolanicmaterials as a 
replacement for cement. Previous research [1]mentionedthe optimum percentage substitution of cement with fly ash 
was 12.59%. The optimum percentagesubstitution of cement with silica fume was 15% [2] and 20% [3].The number 
of free lime/calcium hydroxide(Ca(OH)2) hydration products of cement was 20-30% [4], 15-25% [5] , and 25% [6] 
by weight of cement. 
Percentage of fly ash can be improved by increasing the supply of free lime. Fly ash not only reacts with the free 
lime to enhance the cement hydration process but also reacts with active lime added. It will improve the cement 
hydration products. Improved cement hydration products will increase the compressive strength of mortar. In this 
study, the percentage of fly ash substitution will be increased by adding the amount of more fly ash andactive lime. 
Previous research investigated the properties of a Portland cement mixture containing silica fume and mixed with 
saturated lime water [3]. The results concluded that combined use of limewaterand silica fume enhances the 
pozzolanic reaction that was identified by the strength enhancement at early and later ages. 
It is known that pozzolanic materialscan slow down the reaction, but the rate of reaction is alsoinfluenced by the 
degree of fineness of the grains.Fineparticleshave a higher relativesurface so that the reaction will proceedmore 
rapidly.Applying nanotechnology to modify the size of the fly ash and lime is conducted. This technology will create 
nano-particles. Research on nanotechnology [2] has shown better results with the addition of nano-SiO2 compared to 
the addition of silica fume. Silica fume used in this study was in powder form with 95% ofSiO2 and a particle size of 
0.1μm. Nano-SiO2 inparticle form with 99.9% of SiO2 and in particle size of 40nm was used. Nano-SiO2 behaves not 
only as a filler toimprove mortar cement microstructure, but also as apromoter of pozzolanicreaction.In the current 
study, applying nanotechnology to modify the size of the fly ash and limeto focus onthe effect of substitution of 
cement with nanofly ash and nano lime on compressive strength of mortar. 
2. Methodology 
1.1. Material 
x Ordinary Portland cement was used in this investigation 
x Fine aggregate was used from Muntilan. The aggregate was also graded to the ideal condition as mandated by the 
ASTM C-33 [7] shown in Table 1 
Table 1.Grading of fine aggregates 
Sieve ASTM C33-03 Passing Restrained 
 (mm) UL (%) LL (%) (%)  (%) 
9.50 100 100 100 0 
4.75 100 95 97.5 2.5 
2.36 100 80 90 7.5 
1.18 85 50 67.5 22.5 
0.60 60 25 42.5 25 
0.25 30 5 17.5 25 





428   Sri Tudjono et al. /  Procedia Engineering  95 ( 2014 )  426 – 432 
x Water used from PDAM in the laboratory. 
x Fly ash from PLTU Cilacap (PT SumberSegaraPrimadaya) was used. From Table 2, it can be seen that fly ash 
contains large amount of SiO2, Al2O3 and a low content of CaO. According to ASTM C 618 [8] type F of fly ash 
characteristics is the number of (SiO2 + Al2O3 + FeO) minimum 70%, a maximum of 5% SO3, and a maximum 
of 12% CaO content. 
x Lime fromKarangbawangAjibarang, Banyumas was used. From Table 2, it can be seen that lime dominant 
contains of CaO 
The result of Energy Dispersive X-Ray (EDX) test explain the chemical composition of fly ash and lime that 
shown in Table 2 
Table 2. Chemical composition of fly ash and lime. 
Chemical Composition Fly Ash (%) Lime (%) 
C 23.29 0 
CaO 3.10 91.99 
SiO2 36.10 3.75 
Al2O3 25.03 2.09 
FeO 8.66 0.50 
MgO 1.24 1.19 
Na2O 0 0.43 
SO3 0.59 0.05 
TiO2 0.91 0 
K2O 1.08 0 
TOTAL 100.00 100.00 
 
Source: Result EDX Test of Fly Ash PLTU Cilacap and Lime Ajibarang in Laboratory 
TerpaduDiponegoroUniversity 
1.2. Mix proportion 
Mix of cement depands on reaction fly ash with free lime as product of cement hydration  (A System)  and fly 
ash with active lime added (B System). The next step is determining the optimum composition of fly ash-to-cement 
and fly ash-to-lime, so that the amount of fly ash meets the amount required to react with the free lime and lime 
added. The method accessed for this purpose is to study the mineral composition of the fly ash and lime. The 
techniques are by comparing the results of the mineral composition, and use these as a reference in reducing of the 
amount cement usage that shown in Table 3. 
Table 3.Mixture proportion of cement, nano fly ash and nano lime 
Code of 
Specimens 
Mix of Cement 
Total A System B System 
(1 : 0.1224) (1,11 : 1) 
OPC Fly Ash Fly Ash Lime 1.00 
CONTROL 1 0.000 0.000 0.000 1.00 
MNFL0 0.891 0.109 0.000 0.000 1.00 
MNFL2.5 0.869 0.106 0.013 0.012 1.00 
MNFL5 0.846 0.104 0.026 0.024 1.00 
MNFL7.5 0.824 0.101 0.039 0.036 1.00 
MNFL10 0.802 0.098 0.053 0.047 1.00 
MNFL12.5 0.780 0.095 0.066 0.059 1.00 
MNFL15 0.757 0.093 0.079 0.071 1.00 
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Mix proportion of mortar depends on Job Mix Design of concrete with fc of35 MPa. The cement-to-sand 
proportion is 1:1.70 with w/c ratio 0.49 that shown in Table 4. 




OPC FA KP Fine aggregates 
CONTROL 1.000 0.000 0.000 1.70 
MNFL0 0.891 0.109 0.000 1.70 
MNFL2.5 0.869 0.119 0.012 1.70 
MNFL5 0.846 0.130 0.024 1.70 
MNFL7.5 0.824 0.140 0.036 1.70 
MNFL10 0.802 0.151 0.047 1.70 
MNFL12.5 0.780 0.161 0.059 1.70 
MNFL15 0.757 0.172 0.071 1.70 
1.3. Method 
Nano fly ash andnano lime are notcurrently available in the market. Therefore, in this investigation there is 
theneed to produce nano fly ash and nano-lime. Preparation of fly ash and lime into nanometer sizes is byusing a 
Planetary Ball Mill (PBM). Then fly ash and lime materials of required grain size are analyzed using XRD test 
before and after milling. The purpose of this analysis isto ensure the size of the fly ash and limeparticles are 
subjected to changes in size and can be categorized as nanoscale materials.SNI 03-682-2002 [9] and ASTM 109 / C 
109M – 08 [10] were used as a reference to make mortar.  Compressive strength testingwas performed at the age of 
7 days by using a Universal Testing Machine (UTM) with the set up for testing conducted as shown in Fig . 1. 
 
Fig .1. Set Up for Compressive Strength Testing 
Note 
A : Compression Testing Machine  E : Upper Plat 
B : Load Cell    F : Specimen 
C : Magnetic Jar    G : Lower Plate 
D : LVDT    H : Data Logger  
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3. Result and discussion 
1.4. Grain sizeanalyzes 
XRDtestwas used to analyzethe grain size ofthe particles. The results of this test in the form of relation graphs 
between intensity and 2thetaareshown in Fig. 2. The value for the full width at half maximum (FWHM) and the 
theta were obtained. These numbers were analyzed usingScherer’s formulaand then will be obtained the average 
grain size of fly ash and lime, before and after milling.Result from this analysis the particle size of fly ash is 10.03 
μm, nano fly ash is 44.39 nm, lime is 7.20 μm, and nano lime is 21.03 nm. 
 
 
Fig .2.XRD analysis result (a) Fly Ash (b) Nano Fly Ash (c) Lime (d) Nano Lime 
1.5. Compressive test 
The test results of mortar compressive strength at the age of 7 days are as shown in Table 5. Test on threetypes of 
Portland cement mortar mixes were conducted. The first type is a control specimen as a reference. The compressive 
strength of control specimen is 26.47 MPa. The second type is mortar with addition of fly ash without lime 
(MNFK0). From Table 5 it can be seen that MNFK0 has the average compressive strength of 23.00 MPa. The 
decrease in the compressive strength is due to pozzolanic reaction between fly ash and free limeto enhance the 
cement hydration process hasyet to take place.The cement normally gains its maximum strength within 28 days [11]. 
During that period,lime produced form cement hydration remains within the hydration product. Generally, thislime 
reacts with fly ash and imparts more strength. For this reason, mortar made with fly ashwill have slightly lower 
strength than cement mortar up to 28 days and substantially higher strength by 90 days. 
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Table 5. Compressive Test Result 
Code of 
Specimens 
Force Average Fc Average 
(kN) (MPa) 
CONTROL 68.04 66.18 27.22 26.47 64.31 25.73 
MNFK0 54.11 57.51 21.64 23.00 60.91 24.36 
MNFK2.5 77.76 75.98 31.10 30.39 74.20 29.68 
MNFK5 82.13 72.01 32.85 28.80 61.88 24.75 
MNFK7.5 71.60 67.72 28.64 27.09 63.83 25.53 







MNFK15 46.66 46.74 18.66 18.69 46.82 18.73 
 
Fig.3 shows that the compressive strength of Nano Fly ash Lime Mortar compared to the control specimen. The 
third type is mortar with addition of fly ash and lime. The addition of nanolime with nano fly ash gave higher 
compressive strength than MNFK0. MNFK 2.5, MNFK 5, and MNFK 7.5 has a higher compressive strength than 
MNFK0. This shows the positive influence of the addition of nano lime.Adding nano lime serves as the initial 
supply of free lime in the mixture system. Combined use of nano fly ash and nano lime enhances early strengths for 









Fig  3. Compressive Strength MNFK at the age of 7 days 
The maximum enhancement in compressive strength was achieved at 2.5 % nano fly ash lime as 14.81 % over 
the control specimen. MNFK2.5 hasoverall 13.13% cements replacement by weight of cement.After a 7.5 % 
compressive strengthdecreased, the specimens MNFK10, MNFK12.5, andMNFK15 provide a compressive strength 
lower than control specimen. The maximum decrease in compressive strength was at 15 % nano fly ash lime at 
29.38 % lowerthan the control specimen. 
It is known that pozzolanic materialscan slow down the reaction. At the later age thereis still very possible 
increase in compressive strength with increasein the percentage substitution of Nano Fly ash Lime Mortar to the 
control specimen.The combined use of lime water and silicafume enhances both early and later strengths for 
cementmortar and concrete mixes[3].It isprobably at the earlyage more fly ash not only reacts with nanolime but 
also reacts with free lime fromcement hydration product.Therefore, to verify the statementthis research has prepared 
mortar test specimens for testing at ages of 28 days and 56 days with 8 specimens for each variant.The use of fly ash 
and lime as a cement replacement material is more economical and also better impact on the environment 
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1.6. Cracking 
The specimens after compression testing have showed a typicalpattern of cracking in the specimen. The cracking 
pattern is columnar. It occurs in the control and MNFK specimens ascan be seen in Fig.4. Cracking pattern for all of 
the specimens is the same, so it can be concluded that the addition of nano-fly ash and nano-lime did not affect the 
pattern of mortar cracking. 
 
 
Fig 4. Cracking of Control and MNFK Specimens 
4. Conclusions 
The following conclusions can be drawn from the current study as follows: 
x The addition of nano fly ash at 12.24% with no nano lime (MNFK0)resulted in average compressive strength of 
23.0 MPa. It is lower than the control specimen. 
x The combination of nano fly ash and nano lime resulted in higher compressive strength at early ages compared to 
MNFK0 and the control specimen. The highest enhancement in compressive strength over the control specimen 
was 14.81% reached at 2.5% addition of nano fly ash and nanolime. 
x The addition of nano-fly ash and nano-lime did not affect the pattern of cracking mortar 
In this study, further research is needed to determine the effect of nano and nano-lime fly ash to the compressive 
strength of mortar at the age of 28 and 56 days 
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